Polo-like kinase 1 creates the tension-sensing 3F3/2 phosphoepitope and modulates the association of spindle-checkpoint proteins at kinetochores.
In mitosis, a mechanochemical system recognizes tension that is generated by bipolar microtubule attachment to sister kinetochores. This is translated into multiple outputs including the stabilization of microtubule attachments, changes in kinetochore protein dynamics, and the silencing of the spindle checkpoint. How kinetochores sense tension and translate this into various signals represent critical unanswered questions. The kinetochores of chromosomes not under tension are specifically phosphorylated at an epitope recognized by the 3F3/2 monoclonal antibody. Determining the kinase that generates the 3F3/2 phosphoepitope at kinetochores should reveal an important component of this system that regulates mitotic progression. We demonstrate that Polo-like kinase 1 (Plk1) creates the 3F3/2 phosphoepitope on mitotic kinetochores. In a permeabilized in vitro cell system, the depletion of Xenopus Plk1 from M phase extract leads to the loss of 3F3/2 kinase activity. Purified recombinant Plk1 is sufficient to generate the 3F3/2 phosphoepitope in this system. Using siRNA, we show that the reduction of Plk1 protein levels significantly diminishes 3F3/2 phosphoepitope expression at kinetochores. The consensus phosphorylation sites of Plk1 show strong similarity to the 3F3/2 phosphoepitope sequence determined by phosphopeptide mapping. The inhibition of Plk1 by siRNA alters the normal kinetochore association of Mad2, Cenp-E, Hec1/Ndc80, Spc24, and Cdc20 and induces a spindle-checkpoint-mediated mitotic arrest. Plk1 generates the 3F3/2 phosphoepitope at kinetochores that are not under tension and contributes to the normal kinetochore association of several key proteins important in checkpoint signaling. Mechanical tension regulates Plk1 accumulation at kinetochores and possibly its kinase activity.